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(54) Benzothiophene compounds, and uses and formulations thereof 

(57) Benzothiophenes. and uses and formulations thereof, are provided by the present invention The compounds 
are of the formula 
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wherein R, and R 2 are independently -OH, -OCO(C r C 6 alky I), OfCOJOJC, -C 6 alky I), OCO-Ar, where Ar is phenyl 
or substituted phenyl, or 0(CO)Ophenyl; and 

R 3 is a substituent in the 3 or 4 position of the phenyl ring selected from the group of -H, -CI, -Br, -CH 3 , or -CH 2 CH 3 ; 

or a pharmaceutical^ acceptable salt or solvate thereof, with the proviso that when R, and R 9 arc both hydroxy R, is 
not -H, -CH 3 , or -CH 2 CH 3 . • * 3 
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The fibrinolytic system plays a key role in maintaining normal hemostatic balance. A critical (actor in this svstem 
is ptarmnog.fi activator inhibitor I (PA.-1 ,. which reduces the endogenous ability to remove irTrTirThJSi^ 

TZ 9 ZTfT T 88 TT plasmin °9 en activator ("=A). Studies have documented elevat ons of PAI- 
1 are associated with increased risk of deep venous thrombosis. Further, elevations in PAI-1 are found^n pa ien ts 

cad^ 

card ovascular risk, lower.ng PAI-1 should result ,n cardioprotection. In fact, recent studies on the analysis of PAI-1 
levels ,n pre- and postmenopausal women in the Framingham Offspring Study have demon™ rated ThafposNrnTno 
pausal women have markedfy higher PAI-1 levels, which can be reduced to pre-menopTuilTvete -with e S «To ae n 

TITJT 6 eX f an9e °' f ' UidS media, ° rS bS,Ween ,he -'vascular compartment a^X .s « 
1^ , T T 96 ' UnC, ' 0n °' ,he endothelium ,s crit 'cal t° o^rall homeostasis. Because PAI-1 can be leased , n 
endothelial cells in response to certain stimuli, including cytokines, it contributes to a dystunctiona.ite ma, can result 
rthero^ lT ? CtS ' SyS,6miC V8SCU,ar inflamma ' j on. and enhancement io the progress^ and rupture o 

atherosclerotic plaque. These effects can further result in conditions including myocardial infarction deep venous 
thrombos.s, and d.sseminaled intravascular thrombosis -n.arcuon, oeep venous 

Because the local control of PAI-1 at the endothelial cell/plasma interfacecan play a major role ,n many patholooical 
processes, agents that inhibit the expression of PAI-1 in the endothelium could be useful in ^^j£2Si 

ZTZTsZ:: 95 ^ in r: in r olving maior ,issue damage and trauma < ^ZIV- 

fnZ?' h Svndrome u se P t,c shock multiple organ dysfunction syndrome (inc.uding D.C) as well as myocardial 
^^.^ST" 1 " ,hr ° mbOSiS ' diSS ™ Cd thrombosis, atherosclerotic pla.uc ruptures as 

ditiol, whiJh n, tPA t SUe Pl ^' mi "ogen Activator) is currently administered to patients who have suffered from con- 
tTZ^T P h 31 ° f detrimental thrombotic events. Exogenously administered tPA has been shown "o 

hmifpd h pl, C ° m Tr ally aVai,ab ' e '° r trea,men ' ° f SUCh Pa,ients Howev ^ e "-acy with this therapy caTbe 

Tfc^lT T eX °9 enous, y .PA as well as the endogenous.y derived .PA. Therefor., would 

adm!niS!ed tPA " a96nt ™ COU,d ^ Pr °'° n9 ' he hal, -' i,e °' reduce *° "™* " exogenous," 

me,a F sta. h c e ag b e e nts USe * *" ^ "** °' * ^ ^ ^ that m0dU,ate PAM mav f ind ^ « anti- 

This invention provides compounds of formula I 




la 

wherein 



^^SSSSSStS*^ * lk " ) - C " C °'°' C .- C « -* — A' * *«* o, 5U P- 

Bj is a subslilueni in the 3 or A posilion of (he phenyl ring soleolod Irom lh« group of -H, -CI. -Br, -CH„ or -CH CH 

ZIT^X^^T*" 6 sa " or solva,e ,hereof ' wi,h ,t,e proviso ,hat ^ en Ri and Rs are bo,h hvdroxv - R * is 
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The invention also provides pharmaceutical formulations which include compounds of formula la 
The invention also provides methods of inhibiting PAM or a physiological condition associated with an excess 
thereof, which includes administering to a human in need thereof an effective amount of a compound of formula lb 
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wherein 

R, and R 2 are independently -OK -OCO(C r C 6 alkyl),-0(CO)0(C 1 -C 6 alkyl). -OCO-Ar, where Ar is phenyl or sub- 
stituted phenyl, or -0(CO)Ophenyl; and 

R 3 is a substituent in the 3 or 4 position of the phenyl ring selected from the group of -K -CI. -Br -CH 3 , or -CH 2 CH 3 ; 

or a pharmaceutical^ acceptable salt or solvate thereof. 

The current invention concerns the discovery of (encompassing both la and lb) 2-phenyl-3-aroyl-benzo[b]thi- 
ophenes, those of formula I, and their use for inhibiting PAM. The methods of use provided by this invention are 
practiced by administering to a human in need thereof a dose of a compound of formula I or a pharmaceutical^ ac- 
ceptable salt or solvate thereof, that is effective to inhibit PA 1-1 or a physiological condition associated with an excess 
thereof. The term "inhibit" includes its generally accepted meaning which includes prohibiting, preventing restraining 
and slowing, stopping, or reversing progression, severity or ameliorating a resultant symptom or effect 

General terms used in the description of compounds herein described bear their usual meanings For example 
"C r C 6 alkyl" refers to straight or branched aliphatic chains of 1 to 6 carbon atoms including methyl, ethyl propyl iso- 
propyl, n-butyl ; pentyL iso-pentyL hexyl, and the like. 

The term -substituted phenyl" refers to a phenyl group having one or more substituents selected from the group 
consisting of C r C 4 alkyl, C r C 3 alkoxy, hydroxy, nitro, chloro, fluoro. ortri(chloroorfluoro)methyl. "C^Ca alkoxy" refers 
a C, -C 3 alkyl group attached through an oxygen bridge such as , methoxy, ethoxy, n-propoxy, iso-propoxy 

Compounds of the invention include the following: 

[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [4-chloropheny!]methanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [3-chlorophenyl]methanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [4-fluorophenyl]methanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [3-fluorophenyl]methanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[bjthien-3-yl] |4-ethylphenylJmethanone 
[2-(4-hydroxypheny!)-6-hydroxybenzo[b]thien-3-yl] [3-ethylphenyl]methanone 
[2-(4-acetyloxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [4-methylphenyl]methanone 
[2-(4-hydroxyphenyl)-6-acetyloxybenzo[b]thien-3-yl] |4-methylphenyl]methanone 
[2-(4-acetyloxyphenyl)-6-acelyloxybenzo[b]thien-3-yl] [4-methylphenyl]methanone 
[2-(4-hydroxyphenyl)-6-benzoytoxybenzo[b]thien-3-yi] [4-chlorophenyl]methanone 

A preferred embodiment of this invention is [2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [phenyl]meth- 
anone. 1 

The compounds of formula I are derivatives of the benzo(b]thiophenc structure which is named and numbered 
according to the Ring Index, The American Chemical Society, as follows: 
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The folding schema Is p-ovideo as an axampla of one rouls ol symn.ais ol the compounds ol ton™ia I. 
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(IV) 

The compound of formula II may be prepared as set out in columns 16-17 of U S Patent 4 133 814 Also nr.™ 
ration 1 here.n illustrates one method of forming a compound of formula II 4,133,814. Also, prepa- 

Fried^CratTnd^ni" T TV* ^ " bSnZOiC 3Cid defiVa,iVe < tormula »> undar 

i-r.edel Crafts conditions, i.e., in the presence of a Lewis acid in an appropriate solvent X mav be chiom hrr,™ 

Z:l£lT' Th 1 *: 1 * 6 A Pfe,erred b6nZOiC aCid iS an acid ch'ortd.^pi^t^^u 

This procedure yields the compounds of formula IV and is illustrated in Preparation 2 b 

arp ™° alk ° Xy ' 9rou P s at ,he 6 and 4 ' P~«ion-» may be removed to yield compounds of formula I where R and R 

r;rdc~^ 

The other compounds of formula I may be derived from the 6, 4'-dihyro X ycompounds by acvlatina with th« aDom 
culT ntS r h ^ aC6,yl Ch,0fide ' ben2 ° yl Ch, ° ride ' and ,he like ' and iso'ating'the 

be Z?eir r, SUCh 38 SMiCa 961 C °' Umn Chromat °9-P^y example, monia^SSTS 
be prepared by the reaction of one equivalent of acetyl chloride with a compound of formula la and the wari^TS^ 
may separated by chromatography on silica gel eiuled with EtOAc-hexane'other ^TlZV^^Z^ 
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toprotecting and deprotecting hydroxyl functions (see: e.g., J.W. Barton, "Protective Groups in Organic Chemistry J 
G W McOmie (ed.) Plenum Press New York. NY, IS73 Chapter 2, and T W Green. "Protective Groups in Orqanic 
Synthesis", John Wiley and Sons. New York. NY, 1 981 . Chapter 7). 

Preparation 1 

2-(4-Methoxvphenyl)-6-methoxvbenzofblthiophene 

To 700 mL of EtOH were added 50 g (0.356 mmol) of 3-methoxythiophenol. To the mixture then were added 20g 
(o.36 mmol) of KOH pellets followed by 82.5 g (0.36 mmol) of a-bromo-4-methoxyacetophenone added in small por- 
tions. The entire addition was earned out at about 25° C. Upon completion of the addition, the reaction mixture was 
stirred for three hours at room temperature. The EtOH was evaporated : and a residual oil was taken up in 2 L of water 
and 1.5 L of ether. The ether was separated, washed with water dried over MgS0 4 , and evaporated to dryness The 
resulting crystalline residue was homogenized in a blender using a 3:1 mixture of ether and petroleum ether The solid 
was filtered and dried to give 78.5 g (76%) of a-(3-methoxyphenylthio)-4-methoxyacetophenone as pink crystals 
MP: 53-54°C ' 

EA: Calc. for C 16 H 16 0 3 S: C, 66.64; H, 5.59; O, 16.64: S, 11.12 Found: C, 66.55; H, 5.87: O, 16.82: S, 10.86 

The above product was cyclized and isomerized by adding 50g (0.173 mmol) of the product to 250 g of polyphos- 
phoric acid preheated to 95° C. The mixture was vigorously stirred, and the temperature rose to 115-120° C. Monitoring 
by tic indicated that the reaction was virtually over after five minutes. At the end of thirty minutes, ice was added to the 
mixture. The temperature then rose to 130° C. at which time additional ice was added. Crystals appeared: water was 
added to the mixture, and the product was collected by filtration. The resulting tan solid was slurried in hot MeOH 
cooled, and filtered. The solid was recrystallized from 2.5 L of EtOAc to obtain 30 g of the title compound 
MP: 193-194°C 

EA: Calc. for C l6 H 14 0 2 S: C, 71.08; H, 5.22: O, 11.84; S, 11.86 Found: C, 71.03; H, 5.30: O, 11.81: S, 11.60. 
Preparation 2 

f2-(4-Methoxvoh enyl)-6-methoxvbenzofblthien-3-vll fphenyll methanone. 

3 g (11 .1 mmol) of 2-(4-methoxyphenyl)-6-methoxybenzo[b]thiophene and 1 .55 g (11 .1 mmol) of benzoyl chloride 
were suspended in 150 mL of CH 2 CI 2 and cooled to 0° C. The reaction mixture was vigorously stirred and 1.6 g (12 
mmol) of AiCI 3 was added in several portions over a ten minute time period. The reaction was allowed to proceed for 
one hour, after which 1 L of water was added to quench the reaction. The orqanic layer was separated and washed 
with 100 mL of 1 N NaOH, 100 mL of brine, dried by filtration through anhydrous ^CO^ and evaporated to dryness 
The crude product was crystallized twice from MeOH. This yielded 1.85 got the title compound as white crystalline solid 
MP: 100-102° C 

PMR: Consistent with the proposed structure. 
4 o Example 1 

[2-(4-Hvdroxvph envl)-6-hvdroxvbenzo[blthien-3-vnfphenvl1 methanone. 

2.5 g (5.7 mmol) of [2-(4-methoxyphenyl)-6-methoxybenzo[b]thien-3-ylj [phenyl] methanone mixed with 10 g of 
4S pyridine hydrochloride and fused at 220° C for 1 .5 hours. The reaction mixture was poured into ice-water and mixture 
extracted with 500 mL of EtOAc. The EtOAc layer was separated, washed with brine, dried with MgS04, and evaporated 
to a yellow oil. The product was crystallized from MeOH-HOH. This yielded 2.1 g of the title compound as yellow 
crystalline solid. 

50 MP: 203-205°C 

PMR: Consistent with the proposed structure. 
MS: m/e=346 (M) 

EA. Calc. for C 2l H 14 0 3 S: C, 72.81; H, 4.07: 0 ; 13.86; S, 9.26 Found: C, 72.54; H, 4.09; O, 13.80; S, 9.23. 
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Preparation 3 
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fg-f4-Methoxy P henyl)-6^ 
5 In a manner similar to that described in Prenaratinn o ^ 1 r. /on ™r«~i\ < o lL „ 

PMR: Consistent with the proposed structure 
10 MS. m/e=388 (M) FD 

EA: Calc. for C^HsoOaS: C, 74.20. H, 5.19 Found: C, 74.46: H, 5.33. 

Example 2 

f2-(4-Hydroxvphenvl>-f>.hvdrox V ben7 0 fht thien-3-vl]f.q-mPth V | D henvn msthpnnno 

29 mL of V^^^T^ n y"- 6 - meln ° x y^^^]thien-3-yl] [3-me,hyl P henyl]me,hanone was d.sso.ved ,n 
& mL of CH 2 CI 2 and cooled to -70° C. To the stirring solution was added 20 mL of 1 M BBr in th r. ,n c m =.T, 

25 PMR: Consistent with the proposed structure 
MS: m/e=350 (M) FD. 

Preparation 4 

[2-(4-Methoxy P henyl)-fi mPthoxvbe7 Q rh)thi.n - 3 -vH U-melhvl ph envllmeth^nnng 

PMR: Consistent with the proposed structure 
MS: m/e=388 (M) FD 

EA: Calc. for Ca^C^S: C, 74.20. H, 5.19 Found: C, 73.85; H, 5.20. 
4 <> Example 3 

f2.(4.Hydroxyphenyn-B-hvdroxvbenzofbHhi fi n -3. V |i f 4- me thvlnh en vllmethanon B 

final product was isolated a light yellow amo^s pew! 3 ^ ,0 7 °° mQ * the ""• C ° mpOUnd The 

PMR: Consistent with the proposed structure. 
MS: m/e=360 (M) FD. 



an eIufm 0 h ;rT CeU,iCal,y aCC ° p,able base addi,ion salts «e typically formed by reacting a compound of formula I with 
The pharmaceutically acceptable salts generally have enhanced solubility characteristics compared to the com- 
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pound from which they are derived, and thus are often more amenable to formulation as liquids or emulsions 

Pharmaceutical formulations can be prepared by procedures known in the an. For example, the compounds can 
be formulated with common excipients. diluents, or carriers, and formed into tablets, capsules, suspensions, powders 
and the like. Examples of excipients. diluents, and carriers that are suitable for such formulations include the followin g : 
fillers and extenders such as starch, sugars, mannitoh and silicic derivatives: binding agents such as carboxymethyl 
cellulose and other cellulose derivatives. alginates, gelatin and polyvinyl pyrrolidone: moisturizing agents such as 
glycerol: disintegrating agents such as calcium carbonate and sodium bicarbonate: agents for retarding dissolution 
such as paraffin: resorption accelerators such as quaternary ammonium compounds: surface active agents such as 
cetyl alcohol, glycerol monostearate: adsorptive carriers such as kaolin and bentonite: and lubricants such as talc, 
calcium and magnesium stearate, and solid polyethyl glycols. 

The compounds can also be formulated as elixirs or solutions for convenient oral administration or as solutions 
appropriate for parenteral administration, for instance by intramuscular subcutaneous or intravenous routes. Addition- 
ally, the compounds are well suited to formulation as sustained release dosage forms and the like. The formulations 
can be so constituted that they release the active ingredient only or preferably in a particular part of the intestinal tract 
possibly over a period of time. The coatings, envelopes, and protective matrices may be made, for example, from 
polymeric substances or waxes. 

The particular dosage of a compound of formula I required to inhibit PAI-1 , or any other use disclosed herein, and 
according to this invention will depend upon the severity of the condition, the route of administration, and related factors 
that will be decided by the attending physician. Generally, accepted and effective daily doses will be from about 0 1 to 
aboul 1000 mg/day, and more typically from about 50 to about 200 mg/day. Such dosages will be administered to a 
subject in need thereof from once to about three times each day, or more often as needed to effectively inhibit PAl-1 , 
or any other use disclosed herein. 
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Formulations 

In the formulations which follow. "Active ingredient- means a compound of formula 



Formulation 1 : 


Gelatin Capsules 


Hard gelatin capsules are prepared using the following: 


Ingredient 


Quantity (mg/capsule) 


Active ingredient 


0.1 - 1000 


Starch, NF 


0-650 


Starch flowable powder 


0-650 


Silicone fluid 350 centistokes 


0- 15 



The ingredients are blended, passed through a No 45 mesh U S sieve, and filled into hard gelatin capsules 
The specific formulations above may be changed in compliance with the reasonable variations provided. 
A tablet formulation is prepared using the ingredients below: 



Formulation 2: 


Tablets 


Ingredient 


Quantity (mg/tablet) 


Active ingredient 
Cellulose, microcrystalline 
Silicon dioxide, fumed 
Stearate acid 


0.1 - 1000 
0-650 
0-650 
0 - 15 



The components are blended and compressed to form tablets. 

Alternatively, tablets each containing 0.1 - 1000 mg of active ingredient are made up as follows: 
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Formulation 3 


Tablets 


Ingredient 


Quantity (mg/tablet) 


Active ingredient 
Starch 

Cellulose, microcrystalline 
Polyvinylpyrrolidone {as 10% solution in water) 
Sodium carboxymethyl cellulose 
Magnesium stearate 
Talc 


0.1 - 1000 

45 

35 

4 
4.5 
0.5 

1 



Suspenses each conta.ning 0.1 - 10 00 mg of medicament per 5 mL dose are made as follows: 



[ Formulation 4 


Suspensions 


Ingredient 


Quantity (mg/5 ml) 


Active ingredient 

Sodium carboxymethyl cellulose 

Syrup 

Benzoic acid solution 

Flavor 

Color 

Purified water to 


0.1 - 1000 mg 
50 mg 
1.25 mg 
0.10 mL 
q v 
q.v. 
5 mL 



was peSZTd 8 trat ° ""^ ^ C ° mPOUndS °* ,0rmU ' a ' in inhibi,in 9 PAI " 1 ■ ^ f °"°win 9 cxporimcnta. procedure 
Endothelial cell PAI-i assay 

^n^^^^^^z^^^ ss? ce,, b s ( t HuvEc> per we " - ™ 

dlum was repfceed with serum-f/ee midium^^ ,he me ; 

M9/m. human transferrin and 1 pg/m, bovine insulin) with or without compound 1 (where R and ^ST""' 1 
R 3 « hydrogen), and with or without 1 nM IL-1 -beta. Following incubation overnight ^37 C^aml^oT, T 
were assayed for secreted PAM using the .mubind PfcsmaVl ELISA (TZ^^^^^ 

Results 
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~ compound , „ a W « o, «. ^e.^' ^"^SSSTTr 
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cardioprotective effect, i.e. reduction in the incidence of cardiovascular events, due to enhancing fibrinolytic potential 
Further the positive effect of compound 1 on reducing PAI-1 may provide for acute and chronic uses in conditions 
where elevated levels are associated with pathology or may be used to prevent such pathological conditions. 

5 Table 1 . 



Effect of compound 1 on PAI-1 secretion from human endothelial cells 


Treatment 


PAI-1 Induction %of IL-1 Control +/-SE* 


IL-1 Control 

IL-1 & 1 nM Compound 1 
IL-1 & 10 nM compound 1 


100 
44 +/-B 
36 +/-5 



* (drug treated - control)/* II- 1 treated-control) X lOO^o 



75 Claims 

1 . A compound of formula la: 
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R 1 and R 2 are independently -OH. -OCO(C r C 6 alkyl), -0(C0)O(C r C 6 alky I). -OCO-Ar. where Ar is phenyl or 
substituted phenyl or -0(CO)Ophenyl; and 

R 3 is a substituent in the 3 or 4 position of the phenyl ring selected from the group of -H, -CI, -Br, -CH 3 , or 
-CH2CH3: 

or a pharmaceutical^ acceptable salt or solvate thereof, with the proviso that when R-. and R P are both hydroxy 
R 3 is not -H, -CH 3 , or -CH 2 CH 3 . 

2. A compound of formula la of Claim 1 selected from 

[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [4-chlorophenyl]methanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [3-chlorophenyl]methanone 
l2-(4-hydroxyphenyl)-6-hydroxybenzo[bJthien-3-ylj [4-fluorophenylJmethanone 
[2-(4-hydroxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [3-fluorophenyl]methanone 
[2-(4-acetyloxyphenyl)-6-hydroxybenzo[b]thien-3-yl] [4-methylphenyl]methanone 
[2-(4-hydroxyphenyl)-6-acetyloxybenzo[b]thien-3-yl] [4-methylphenyl]methanone 
[2-(4-acetyloxyphenyl)-6-acelyloxybenzo[b]thien-3-yl] [4-melhylphenyl]methanone or 
[2-(4-hydroxyphenyl)-6-benzoyloxybenzo[b]thien-3-yl] [4-chlorophenyl]methanone 

3. A pharmaceutical formulation comprising a compound of formula la of Claim 1 and one or more excipients, diluents 
or carriers. 

4. The use of a compound of formula lb 
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lb 



wherein 



R, and R 2 are independently -OH, -000(0, -C 6 alkyl), -0(00)0(0,-06 alkyl), -OCO-Ar. where Ar is phenyl or 
substituted phenyl, or -O(0O)Ophenyl: and 

R 3 is a substituent in the 3 or 4 position ot the phenyl ring selected from the group of -H, -CI, -Br, -CH,, or 

-CH2CH3; ^' 

or a pharmaceutical* acceptable salt or solvate thereof: in the preparation of a medicament for inhibiting 
PAI-1 or a physiological condition associated with an excess thereof in a human. 

lyHmeihTnTnT 09 ^ C ' a ' m ^ *** C ° mp ° Und >S l 2 -( 4 - h y drax yPh°ny')-6-hydroxybcnzo[b]thicn-3-yl] |pho- 
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